Most genetic studies of Holocene fauna have been performed with ancient samples from dry and cold regions, in which preservation of fossils is facilitated and molecular damage is reduced. Ancient DNA work from tropical regions has been precluded owing to factors that limit DNA preservation (e.g. temperature, hydrolytic damage). We analysed ancient DNA from rodent jawbones identified as Ototylomys phyllotis, found in Holocene and Late Pleistocene stratigraphic layers from Loltú n, a humid tropical cave located in the Yucatan peninsula. We extracted DNA and amplified six short overlapping fragments of the cytochrome b gene, totalling 666 bp, which represents an unprecedented success considering tropical ancient DNA samples. We performed genetic, phylogenetic and divergence time analyses, combining sequences from ancient and modern O. phyllotis, in order to assess the ancestry of the Loltú n samples. Results show that all ancient samples fall into a unique clade that diverged prior to the divergence of the modern O. phyllotis, supporting it as a distinct Pleistocene form of the Ototylomys genus. Hence, this rodent's tale suggests that the sister group to modern O. phyllotis arose during the Miocene -Pliocene, diversified during the Pleistocene and went extinct in the Holocene.
Introduction
The Loltú n cave is a geological formation located over a karst region on the Yucatan peninsula (figure 1a), which consists of a series of interconnected limestone chambers and tunnels and primarily karst terrains that allow the concentration of vertebrate remains (see the electronic supplementary material for a description). The quantity and quality of bone remains from Quaternary fauna preserved in this neotropical cave make it an extraordinary fossil reservoir. It includes approximately 4000 fossil and subfossils, predominantly mammalian, with neartic and neotropical affinities, and a faunal succession spanning from the Late Pleistocene to the Holocene [1, 2] . Nearly 11% of the mammalian fossils from Loltú n belong to the order Rodentia, including the monotypic species Ototylomys phyllotis. Identification was carried out by comparing the ancient molars and mandibles with those of extant rodents from the region [2] . A recent phylogeographic study shows that O. phyllotis has three divergent lineages throughout its geographical distribution, with haplotypes from Central America, Chiapas and Guatemala highlands and Yucatan peninsula (figure 1a), and that the origin of the genus was likely earlier than 3.35 Ma [3] . Although the historical affinity of the fossil samples preserved in Loltú n is unknown, based on the extant O. phyllotis phylogeography, a plausible hypothesis is that they are related to the Yucatan peninsula lineage.
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Comparing ancient and modern DNA sequences using molecular techniques is a framework that has been used to decipher the population origin of species or lineages [4, 5] . However, the DNA of most ancient samples is heavily degraded and its preservation depends deeply on different processes that take place after cellular death, including availability of water and changes to the environmental conditions in which bone or soft tissue preservation occurs [6] . The high diversity and abundance of faunal remains from Loltú n suggest that no drastic environmental changes have occurred since the Late Pleistocene. Historical humidity fluctuations have changed the microclimate around and inside the cave (e.g. turning tropical deciduous forest into grassland) sufficiently to allow for the presence of the noted diverse taxa [1] . Thus, while humidity has limited DNA preservation in tropical localities [7] , the exceptional preservation of fossils inside Loltú n was likely facilitated by the microclimate within the cave and by the nature of the karst terrains. Based on the preservation of our fossils and the value of ancient DNA to compare historical patterns of diversification [8] , we aimed to address two objectives (i) to confirm the authenticity of ancient DNA in this tropical setting, and (ii) to assess their phylogenetic ancestry and relation with the known phylogeographic history of the species.
Material and methods
We selected 28 O. phyllotis hemimandibles and processed them following strict standards for ancient DNA recovery. These samples were found in different stratigraphic layers of two excavation units inside Loltú n: El Tú nel (layers 1 -7) and El Toro (12 and 13). The jawbones were broken into three parts as described in the electronic supplementary material, figure S1 , and approximately 30 -70 mg were used for DNA extraction. DNA recovery was performed following Schwarz et al. [9] . We designed species-specific primers and included those used by [3] to amplify six overlapping fragments of 100 bp each (electronic supplementary material, table S1). We included sequences of modern Ototylomys and two Tylomyini sister species (Nyctomys and Otonyctomys) used as outgroups to reconstruct a phylogeny with Bayesian and Maximum-likelihood methods, using BEAST v. 1.7.5 [10] and PHYML v. 3.1 [11] , respectively. Time of divergence for major clades was estimated with BEAST. We also estimated statistics of genetic diversity and demographic history, constructed a haplotype network and performed a Bayesian skyline analysis [12] to infer past population size changes. All details for ancient DNA extraction, primers, PCR amplification, methods and parameters for genetic, phylogenetic and demographic analyses are described in detail in the electronic supplementary material.
Results
Cytochrome b amplicons were successfully obtained for 16 jawbones (of the 28 selected samples from Loltú n, an amplification success rate of 57%; electronic supplementary material, tables S4 and S5). A total of 666 bp was reconstructed for 12 samples, based on at least two of three independent amplicons for each 100 bp fragment (see the electronic supplementary material for details). This DNA fragment represents an unprecedented success for an ancient DNA sample from a tropical cave [7] , considering comparable sequences come from temperate regions [13] . The Bayesian and ML trees (figure 1b and the electronic supplementary material, figure S2 , respectively) showed a concordant topology, with high support for the O. phyllotis major clades and for a unique clade that includes all ancient samples (Loltú n clade, LC) that differentiated from the other lineages (posterior probability ¼ 1, aLRT-SH ¼ 1). Surprisingly, LC diverged long before the modern O. phyllotis and after the Tylomyini sister species (16.46-9.54 Ma), whereas the divergence within the LC haplotypes occurred much later rsbl.royalsocietypublishing.org Biol. Lett. 10: 20140224
(1.9 Ma). We obtained six ancient haplotypes (figure 1c; accession numbers KJ751487-KJ751498 by the Bayesian skyline plot, which shows a constant growth from 1.99 Ma and an effective population size (N e ) of less than 100 that decreases towards the present (electronic supplementary material, figure S3 ).
Discussion
Reed et al. [7] and studies cited therein suggest that tropical humid caves that are located within 308 of the Equator, at low elevations, or with high temperature and humidity, are unlikely to preserve DNA over millennia. The fact that we have successfully extracted and authenticated ancient DNA (amplicons of 100 bp fragments-totalling 666 bp-of the cytochrome b gene) from jawbones preserved in Loltú n cave, reiterates the fact that general rules on DNA preservation are limited in use. Understanding this preservation requires a more systematic review of the environmental context at this site. First, it has been recognized that dry and cold places, together with a rapid mineralization, allows DNA to persist longer and in fragments with adequate size to be amplified [14] . Faunal records from Loltú n include species with neartic and neotropical affinity in its older layers (Pleistocene, i.e. Canis dirus, Desmodus cf. D. draculae) [1] , which suggests that the Yucatan peninsula experienced a dry and cold period; subsequently, during the Holocene, the peninsula experienced several droughts that gradually gave way to the present-day humid conditions [15] , all of which may have played a role in facilitating DNA preservation. Taking into consideration factors regarding interpretation of results when working with ancient DNA (e.g. post-mortem damage and high substitution rate effects [16, 17] ), our study shows that the jawbones from Loltú n, identified as O. phyllotis, are in fact a genetically distinctive clade that is basal to all O. phyllotis lineages. Despite molar similarities, Alvarez [2] reported a slight increase in size of these jaws, which became more pronounced in the deeper stratigraphic layers (12 and 13) , and suggested that they could belong to a Pleistocene form of the Ototylomys genus. Our results support the latter: genetic distances estimated between the cave samples and modern O. phyllotis are extremely high, even falling in the range of genus-level distances. Ancient DNA studies have shown that the Holocene was characterized by cladogenesis, large-scale extinctions, migrations and changes in population size and connectivity, resulting in the formation of new species and cryptic populations and also in the subsequent and historically more recent rapid loss of faunal diversity [18] [19] [20] . Our results are congruent with these, where this rodent's tale suggests that the sister group of modern O. phyllotis likely arose during the MiocenePliocene, diversified during the Pleistocene and went extinct in the Holocene; the demographic signal observed showing a constant growth (2-0.5 Ma) followed by a population decrease near the present, highlights the extinction of this Pleistocene rodent, whose remains were fortunately preserved in the Loltú n cave.
